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(57)Abstract: 

PURPOSE: To reduce stress acting by a temperature 
change on the inner circumferential part of a solder layer 
sharply than before, and to prevent a fatigue failure of 
the solder layer caused by the repetition of temperature 
changes. 

CONSTITUTION: Concerning a ceramic package 
composed of a ceramic package base substance 32 
having a cavity 23 for putting a semiconductor device in. 
a ceramic lid 31 for sealing the cavity 23, a solder layer 
36 for sealing between the package base substance and 
the lid airtightly, and a radiating metal board 22 joined to 
the external surface of the bottom part of the cavity 23 
of the package base substance with brazing material, the 
solder layer is formed between the package-base- 
substance side metallized layer 40 and a lid 13 side 
metallized layer 35, and a seal path width W is 1,6mm or 
more. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The package base equipped with the cavity section which contains a semiconductor 
device made from a ceramic. The solder layer which seals airtightly between the lid made from a 
ceramic which closes this cavity section, and the aforementioned package bases and the 
aforementioned lids, In the package made from a ceramic which consisted of metal heat sinks 
joined to the aforementioned cavity section of the aforementioned package base, and the outside 
surface of an opposite side by brazing filler metal The aforementioned solder layer is formed 
between the metallized layer by the side of the aforementioned package base, and the metallized 
layer by the side of the aforementioned lid. The periphery section of the aforementioned lid, 
either the inner circumference section of the metallized layer of the aforementioned package 
base, or the inner circumference section of the metallized layer of the aforementioned lid — the 
package made from a ceramic characterized by the width of face W of the solder layer between 
the sides near the periphery section of the aforementioned lid being 1.6mm or more 
[Claim 2] The package made from a ceramic according to claim 1 characterized by constituting a 
package base and a lid considering an alumina as a principal component, and constituting the 
solder layer including five components of Sn-Ag-In-Bi-Pb. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the package made from a ceramic which 
equipped the detail with the lid made from a ceramic (lid) which closes a heat sink and the 
semiconductor device loading section more about the package made from a ceramic. 
[0002] 

[Description of the Prior Art] Semiconductor devices, such as an integrated circuit, are 
contained by the semiconductor device loading section prepared in the package base, this 
semiconductor device loading section is airtightly closed by the lid, and practical use is 
presented with them. Since ceramics, such as an alumina, are excellent in thermal resistance, 
endurance, reliability, etc., it is suitable as this package base and a material of a lid, and the IC 
package made from a ceramic is used briskly now. 

[0003] In this package made from a ceramic, when closing the package base made from a 
ceramic by the lid made from a ceramic, solder is used as a sealing agent. However, since it is 
difficult to join solder and a ceramic directly, the ground metal layer is usually formed in a 
package base and the closure section of a lid. Therefore, the aforementioned package base and 
the aforementioned lid will be joined with solder through a ground metal layer. 
[0004] The aforementioned ground metal layer formed in the aforementioned package base is 
constituted by the refractory-metal metallized layer which consists of W in which a package 
base and simultaneous baking are usually possible. Mo. etc., and nickel plating layer and Au 
plating layer which are formed on it. By this composition, junction nature with the solder at the 
time of closure and the long term stability as a package are secured. On the other hand, metals, 
such as Ag-Pt and Ag-Pd, are used for formation of the ground metal layer of the 
aforementioned lid in many cases. 

[0005] Next, the composition of a general semiconductor package and the production method of 
the semiconductor device using it are explained concretely. 

[0006] Drawing 8 is the partial cross-section perspective diagram in which having turned the 
base side up and having shown the lid made from a ceramic typically, and drawing 9 (a) and (b) 
are the cross sections having shown typically the process which produces the semiconductor 
device which used the package made from a ceramic. 

[0007] As shown in drawing 8 , the lid 31 consists of solder layers 36 as a wrap closure member 
in the ceramic substrate 13. the metallized layer 35 formed in the periphery section (upper 
surface periphery section in drawing, and side), and this metallized layer 35. Usually, this solder 
layer 36 makes Pb a principal component, and is formed using the solder with which Bi, Sn, In, 
Ag, etc. were added by this principal component. 

[0008] On the other hand, the cavity section 23 is formed in the center of the package base 32. 
the metallized layer 40 used in case it closes by the lid 31 to the circumference is formed, and 
the external contact pin 21 for connecting with the mother board which is not illustrated is 
further stood to the circumference of a metallized layer 40. Moreover, the semiconductor device 
loading section 1 7 to which a part for the periphery is usually constituted stair-like, the pad 1 9 
for wirebonding is formed in a middle stairway portion, and the cavity section 23 lays LSI etc. in a 
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base portion is formed. Furthermore, the metal heat sink 22 for radiating the heat emitted from a 
semiconductor device 18 is arranged in the field where the external contact pin 21 is stood, and 
the field of an opposite side. In addition, the metal layer for a ground (not shown) is usually 
formed also in the semiconductor device loading section 17. 

[0009] The method of producing a semiconductor device using this package base 32 and lid 31 is 
as follows. 

[0010] First, after pasting up a semiconductor device 18 on the semiconductor device loading 

section 1 7 of the package base 32, the pad section (not shown) and the pad 1 9 by the side of a 

semiconductor device 18 are connected by the wirebonding method ( drawin g 9 (a)). 

[001 1] Next, it lays on top of the metallized layer 40 which turns the solder layer 36 of a lid 31 

down, and is formed in the upper surface of the package base 32, and temporary fixation of a lid 

31 and the package base 32 is carried out with fixtures, such as a spring and a clip. Package 

base 32 grade is carried in in a heating furnace in this state, melting of the solder layer 36 

currently formed in the lid 31 is carried out, a lid 31 and the package base 32 are joined, and a 

semiconductor device 18 is airtightly closed in the package base 32 by cooling after that 

( drawing 9 (b)). 

[0012] 

[Problem(s) to be Solved by the Invention] Thus, although joined through the solder layer 36, 
when this semiconductor device is exposed to the environment of an elevated temperature or 
low temperature, the package base 32 and a lid 31 originate in the difference of the coefficient of 
thermal expansion of the package base 32 and a lid 31, and curvature produces them in the 
package base 32 and a lid 31. 

[0013] When the metal heat sink 22 is especially arranged in the outside surface of the package 
base 32 made from a ceramic, since the coefficient of thermal expansion of the metal heat sink 
22 is large compared with the package base 32, it is easy to produce big curvature in the 
package base 32. For this reason, even if it uses the package base 32 and the material of the 
same expansion coefficient as a lid 31, a difference arises in curvature among both. 
[0014] The semiconductor device equipped with the conventional heat sink does not have the 
composition that the curvature produced by it can be borne, when a temperature change is large. 
That is, although the stress resulting from distortion or it arose according to the thermal 
expansion accompanying a temperature change between each part material which constitutes 
the aforementioned semiconductor device, when the solder layer 36 which has combined the 
package base 32 and the lid 31 did not have sufficient intensity, plastic deformation was locally 
caused with the stress which originates distorted, and the technical problem that fatigue 
breaking on the basis of the inner circumference side of the solder layer 36 arose occurred. 
[0015] 

[Means for Solving the Problem] The package made from a ceramic whose this invention person 
can avoid destruction of the solder layer by thermal stress in view of such a technical problem 
The result which inquired for the purpose of designing (the portion except wiring portions, such 
as a semiconductor device and wirebonding, is hereafter called package among semiconductor 
devices). Seal path width W (the postscript of the definition of seal path width is carried out) of 
the solder layer which has combined the package base and the lid in being large enough Since 
the hauling stress produced by the temperature change becomes small, a solder layer cannot 
cause local plastic deformation easily, finds out that fatigue breaking does not arise, and came to 
complete this invention. 

[0016] The package base equipped with the cavity section in which the package made from a 
ceramic concerning this invention contains a semiconductor device made from a ceramic. The 
solder layer which seals airtightly between the lid made from a ceramic which closes this cavity 
section, and the aforementioned package bases and the aforementioned lids. In the package 
made from a ceramic which consisted of metal heat sinks joined to the aforementioned cavity 
section of the aforementioned package base, and the outside surface of an opposite side by 
brazing filler metal The aforementioned solder layer is formed between the metallized layer by 
the side of the aforementioned package base, and the metallized layer by the side of the 
aforementioned lid. The periphery section of the aforementioned lid, either the inner 
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circumference section of the metallized layer of the aforementioned package base, or the inner 
circumference section of the metallized layer of the aforementioned lid — (1) characterized by 
the width of face (it being hereafter described as seal path width) W of the solder layer between 
the sides near the periphery section of the aforementioned lid being 1 .6mm or more 
[0017] Moreover, the package made from a ceramic concerning this invention is characterized by 
constituting a package base and a lid considering an alumina as a principal component, and 
constituting the solder layer including five components of Sn-Ag-In-Bi-Pb in the package made 
from a ceramic of the above-mentioned (1) publication (2). 
[0018] 

[Function] Drawing 1 (a) is the expanded sectional view having shown typically the important 
section of the conventional package made from a ceramic which curvature has not generated, (b) 
is the expanded sectional view having shown typically the important section of the 
aforementioned package made from a ceramic which curvature generated when temperature 
changed, and (c) is the expanded sectional view having shown typically the important section of 
the package made from a ceramic concerning this invention which curvature generated by the 
temperature change. Moreover, in drawing 1 (a), the width of face shown by W is seal path width, 
and the display is omitted in (b) and (c). 

[0019] Although curvature is hardly generated and stress (hauling stress) hardly acts also on the 
inner circumference section of the solder layer 36 under the usual room temperature as shown 
drawing 1 (a), if the temperature of the package made from a ceramic rises, since the coefficient 
of thermal expansion of a heat sink 22 is large compared with substrates, such as an alumina 
which constitutes the package base 32, curvature from which a lid 31 side becomes the package 
base 32 with a crevice will arise. Therefore, as shown in drawing 1 (b), bending moment D arises 
in the package base 32 and a lid 31. Moreover, if such curvature occurs in the package base 32. 
stress B (hauling stress) will come to act on the inner circumference section of the solder layer 
36. Furthermore, if the temperature of the package base 32 falls, it will return to the state where 
there is no curvature. Thus, if a temperature rise and a temperature reduction are repeated, 
since stress B will act on the solder layer 36 repeatedly, fatigue breaking comes to arise in the 
solder layer 36. 

[0020] On the other hand, even if bending moment D of the same size arises between a lid 1 1 
and the package base 12 since the package made from a ceramic concerning this invention has 
taken seal path width W larger (1.6mm or more) than the usual case as shown in drawing 1 (c). 
the hauling stress which acts on the inner skin of the solder layer 16 which used the end face of 
a lid 1 1 as the supporting point by the lever rule becomes small. Stress C becomes small and 
stops namely, producing fatigue breaking in the solder layer 16. 

[0021] Moreover, since according to the package made from a ceramic concerning this invention 
a package base and a lid are constituted considering an alumina as a principal component and 
the solder layer is constituted in the package made from a ceramic of the above-mentioned (1) 
publication including five components of Sn-Ag-In-Bi-Pb. a solder layer is excellent in a thermal 
shock resistance, and fatigue breaking is not produced in a solder layer. 
[0022] 

[Example(s) and Comparative Example(s)] First, it asked for what stress acts on which portion of 
a solder layer by the simulation using the finite element method using the conventional package 
made from a ceramic of the same configuration as what was shown in drawing 9 . 
[0023] This package base 32 is a product made from an alumina, and set [ the length of the side 
section / the alumina layer thickness of the bottom of 44mmx44mm and the cavity section 23 ] 
the dimension of 2.80mm and the cavity section 23 as 20mmx20mm for the thickness of 1 .32mm 
and the periphery section, respectively. Moreover, the thickness of a metallized layer 35 it is thin 
from W formed in package base 32 front face was set as 10 micrometers, and seal path width W 
was set as 1.27mm. The metal heat sink 22 currently arranged by this package base 32 infiltrated 
Cu into the porosity sintered compact of W (tungsten), and the appearance was set as 
30mmx30mm and it set thickness as 1.0mm. 

[0024] Moreover, a lid 31 is a product made from an alumina, the length of the side section was 
used to 25mmx25mm, it used the quality of the material of 0.76mm and a metallized layer 35 as 
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the Ag-Pt alloy for thickness, the thickness was set as 15 micrometers and the width of face 
was set as 1 .78mm. respectively. 

[0025] Furthermore, the solder layer 36 which combines a lid 31 and the package base 32 
consisted of constituents which consist the remainder of Pb Bi:8.2wt% In:1.1wt% Ag:1.0wt% 
Sn:4.1wt%. 

[0026] Drawing 2 shows the part which performed the simulation of the stress which acts on the 
solder layer inner skin of the aforementioned package made from a ceramic. Drawing 3 is the 
graph which showed the result which performed the simulation of the aforementioned stress, 
stress is shown in the vertical axis and the position in the package made from a ceramic is 
shown in the horizontal axis. Moreover, it sets to drawing 3 and is sigmaZ. About the stress (it is 
hereafter described as vertical stress) which acts perpendicularly to the principal plane of the 
package base 1 2, it is sigmaX. The direction component of X of principal stress, and sigmal 
Principal stress is shown. 

[0027] Vertical stress and vertical principal stress have the largest portion (c) that approached 
**** about 1/4 from the corner so that more clearly than the graph shown in drawing 3 . 
becoming the cause of fatigue breaking — mainly — stress sigmaZ of the aforementioned 
perpendicular direction it is — since — the following — setting — stress sigmaz Stress sigmaZ 
of the aforementioned perpendicular direction in the position of c used as maximum ******** — 
the simulation was performed 

[0028] That is, various conditions about the package made from a ceramic are changed in 
following sequence, and it is stress sigmaZ of the perpendicular direction at that time. It asked 
by the simulation. In addition, about portions other than the changed portion, the simulation is 
performed on certain conditions as it is. 

[0029] ** Change the alumina layer thickness of a cavity bottom. 
** Change the thickness of a heat sink. 
** Change the size of a heat sink. 
** Change seal path width. 

Drawing 4 is stress sigmaZ of the alumina layer thickness of the cavity bottom at the time of 
changing the alumina layer thickness of a cavity bottom, and a perpendicular direction. A relation 
Drawing 5 is stress sigmaZ of the thickness of the heat sink at the time of changing the 
thickness of a heat sink, and a perpendicular direction. A relation Drawin g 6 is stress sigmaZ of 
the size of the heat sink at the time of changing the size of a heat sink, and a perpendicular 
direction. It is stress sigmaZ of the seal path width at the time of drawing 7 changing seal path 
width in a relation, and a perpendicular direction. It is the graph which showed the relation, 
respectively. 

[0030] Stress sigmaZ of the perpendicularly it acts on the solder layer 36 depending on change 
of the alumina layer thickness of a cavity bottom, change of the thickness of a heat sink, and 
change of the size of a heat sink so that more clearly than the graph shown in drawing 4 - 
drawing 6 A value hardly changes. However, stress sigmaZ of the perpendicularly it acts on the 
inner skin of the solder layer 36 as were shown in dr aw ing 7 and seal path width W becomes 
large It is decreasing greatly. Thus, stress sigmaZ of the perpendicularly it acts on the inner skin 
of the solder layer 36 by increasing seal path width W It becomes possible to make it decrease 
greatly and fatigue breaking of the solder layer 36 by the temperature change of the package 
made from a ceramic can be prevented. 

[0031] In order to prevent fatigue breaking of the solder layer 36, it is vertical stress sigmaZ. It is 
2 about 2.5 kgKs)/ mm. Although it is required to be the following, seal path width W at this time 
is set to about 1 .6mm from d rawing 7 . Therefore, about the package made from a ceramic of this 
invention which set to 1.6mm or more seal path width W shown in drawing 1 (c), fatigue breaking 
of the solder layer 1 6 by the temperature change of the package made from a ceramic can be 
prevented. 
[0032] 

[Effect of the Invention] If it is in the package made from a ceramic concerning this invention as 
explained in full detail above The package base equipped with the cavity section which contains a 
semiconductor device made from a ceramic. The solder layer which seals airtightly between the 
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lid made from a ceramic which closes this cavity section, and the aforementioned package bases 
and the aforementioned lids, In the package made from a ceramic which consisted of metal heat 
sinks joined to the aforementioned cavity section of the aforementioned package base, and the 
outside surface of an opposite side by brazing filler metal The aforementioned solder layer is 
formed between the metallized layer by the side of the aforementioned package base, and the 
metallized layer by the side of the aforementioned lid, and since seal path width W is 1 .6mm or 
more The stress committed in the inner circumference section of the solder layer of the 
aforementioned package by the temperature change using a lever rule can be reduced more 
greatly than before, and fatigue breaking of the solder layer by the repeat of a temperature 
change can be prevented. 

[0033] Moreover, in the package made from a ceramic of the above-mentioned (1) publication, 
since a package base and a lid are constituted considering an alumina as a principal component 
and the solder layer is constituted including five components of Sn-Ag-In-BI-Pb, the package 
made from a ceramic concerning this invention can reduce still more greatly than before the 
stress committed in the inner circumference section of the solder layer of the aforementioned 
package by the temperature change, and can prevent fatigue breaking of the solder layer by the 
repeat of a temperature change. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the expanded sectional view having shown typically the important section of 
the conventional package made from a ceramic which curvature has not generated, (b) is the 
expanded sectional view having shown typically the important section of the aforementioned 
package made from a ceramic which curvature generated when temperature changed, and (c) is 
the expanded sectional view having shown typically the important section of the package made 
from a ceramic concerning this invention which curvature generated by the temperature change. 
[Drawing 2] It is the plan having shown the part which performed the simulation of the stress 
which acts on the package made from a ceramic. 

[Drawing 3] It is the graph which showed the measurement result of stress. 
[Drawing 4] Stress sigmaZ of the alumina layer thickness at the time of changing the alumina 
layer thickness of a cavity pars basilaris ossis occipitalis, and a perpendicular direction It is the 
graph which showed the relation. 

[Drawing 5] Stress sigmaZ of the thickness of the heat sink at the time of changing the 
thickness of a heat sink, and a perpendicular direction It is the graph which showed the relation. 
[Dra win g 6] Stress sigmaZ of the size of the heat sink at the time of changing the size of a heat 
sink, and a perpendicular direction It is the graph which showed the relation. 
[Drawing 7] Stress sigmaZ of the seal path width at the time of changing seal path width, and a 
perpendicular direction It is the graph which showed the relation. 

[Drawing 8] It is the partial cross-section perspective diagram in which having turned the base 
side up and having shown the lid made from a ceramic typically. 

[Drawing 9] (a) And (b) is the cross section having shown typically the process which produces 
the semiconductor device which used the package made from a ceramic. 
[Description of Notations] 

11 Lid 

1 2 Package Base 
1 6 Solder Layer 

22 Heat Sink 

23 Cavity Section 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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[Drawing 9] 
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i*3 2P^|c^S{c^tjh-rS (S9 (b) ) o 
[O O 1 2] 

g<*3 2<i: U K3 1 ^{i^^rnm^ 6^:frLTJS^$tu 
^(7)^f3^SLr/^v^— v^S<*3 2S.l>*'J *v K3 1 (c 
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JitB (1) IBKco-tr^S^y^iSy^^y^r-vl^fct^ 

Ttg/2£^tt. #BaM)!)<S n -A g - I n-B i - P b(^) 

(2) o 
[O O 1 8] 

[<^ffl] ^1 (a) I±JSyA<^±Lrt^?:fL^^^t*<D-t^ 



■efey. (b) li^jg^^Sib-r^d^iCcfcysyA^^^ 
tz^-x^^mx^^K (c) i±;Mg^^b(c,^yjsy)5<^ 

iC»ir:^Lfcffi*:eT®^r-fc€»o ©1 (a) (rfc 
(c) icfct\Ti±, -^-o^a^^^aSLrt^^o 

[0 0 19] SI (a) (C:^Lf::<fc^lC, ii«(D^ST 

JS:^ (^lo^iyfc;;:^) (±f^fflLJ^fl>;5)<. -tr^^*v^S/< 
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Bans 6l:if^m"r'i)^iS:^I^C0l^;:tiaz a)ffi(i5&i:^<b 



Sit*[6l(0fS*az (i:^#<SE'>UTl^^o c<0J^9 
v-iU/<x*iWSit:^*-yr^-t(rcfcy*fflg3 6 

Sibic <fc -Si^BBB 3 6 a>«*fifi«£86it-r ^ C ^ *<X' # 

[0 o 3 1 1 ^mms e<o^j^Wim^m±ir^fzisb\z 

l±. Sit^|Sl<K>E5^aZ *<*^2. 5kg f /mm2 UlT 

T*&^c^A<!£5^iir-fc'S)!)<. i!7«*:yc:a)i:#a)i>-;u 

/<Xi|iSW(i*^1 . 6mm<l:^<>:^o ^oT. S1 (c) 
[0032] 

t: >r a ^ ^ -tr ^ ^ ^ (?) / < ^— v^l* t . 

1. 6mmjji±-efc^a>r% TccDi^s^^JfflL-r^S 

y L (c ci: ^ #Ba g (DlE^fiS « IWit^ - <^ "^^ ^ 

[0 0 3 31 ^/r;*:^0^l:Hl«^-lr^5*v^S*A*v>r-v 
li. ±tH (1) IB^CO-t^S ^v^Si/<^vy-vl^*5L> 

r«J?e*H. ^fflB)5)<Sn-Ag - I n-B i - Pb(D 

[nrKD^^j^*? 15^0^1 

[^1] (a) tiJ&yjb^'il^L-Ct^^ft^^^^cT^'b^^^y 

(b) (^;^^7b<^^b^^-ti-cfcysyA^^^ufc 

:*:®T®©'e&y. (c) li;a^^^bi::«J^yi&yA^'^^l^ 

I - ^ L I9t ® d -e o 

iL U— V a > * fr o Mr)t ^ ^ U H & -5 o 



t#gl¥08-213498 



[S3] Jt:^(Dm^f^^'^^^l^t^<f'yy'^^^o 



[S9] (a) 'BlIS (b) »>^SS/^>^— 



1 1 

1 2 

1 6 

2 2 
2 3 



U 'V K 



[@2] 



[1^8] 




32 



^22 




(b) 





E 5 
14 

o 2 

-K 1 
0 



[1151 



2.7 



2.7 



2.7 



a5 to 15 



[113] 



[@4] 





Z7 



( 6 ) t#Ba¥08-213498 



[gl6] 



e5 

8 
«• 

N 

o 2 

Si 



1 : 25.1 X 2A.1 (mm) 17 : 57.2 x 57.2 (mm ) 
D : 4d.3x 24.1(mfn) 7 : 67.6x67. 6(mm) 
m: 55.1 x30.0(mm} 



a nr 17 




IB 2i} Z2 
^.ju/tAMW (mm) 



(a) 



[@9] 



13 ^" 35 3g 



31 



40 19 18 T7 22 



(b) 



21 

23 \ 3535 




AO 19 



22 17 



